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ABSTRACT 

This white paper is intended to compare the technical and economic 
feasibility of syngas generation using the SRI gasification process coupled to 
several high-temperature gas-cooled reactors (HTGRs) with more traditional 
HTGR-integrated syngas generation techniques, including:  

• Gasification with high-temperature steam electrolysis (HTSE) 

• Steam methane reforming (SMR) 

• Gasification with SMR with and without CO2 sequestration 
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Assessment of the SRI Gasification Process for 
Syngas Generation with HTGR Integration – White 

Paper 

INTRODUCTION 
This white paper is intended to compare the technical and economic feasibility of syngas generation 

using the SRI gasification process coupled to several high-temperature gas-cooled reactors (HTGRs) with 
more traditional HTGR-integrated syngas generation techniques, including:  

• Gasification with high-temperature steam electrolysis (HTSE) 

• Steam methane reforming (SMR) 

• Gasification with SMR with and without CO2 sequestration 

SRI PROCESS OVERVIEW AND MODELING APPROACH 
The SRI process combines coal gasification and SMR in a single high pressure reactor, which is 

operated at 1,015 psi.  In traditional gasification, coal is combusted with oxygen to provide heat for coal 
devolatilization and char gasification.  SRI has developed a novel concept where this heat is provided by 
electric heaters coupled with reforming for hydrogen production, thereby reducing/eliminating the CO2 
produced in the gasifier.  Literature information does not provide specific detail on the conversion of 
electricity to heat for the gasifier, for this study a baseline efficiency of 85% was assumed. 

The SRI gasifier was modeled similarly to the Shell gasifier described in TEV-672.  However, rather 
than supplying oxygen to meet a specific reactor outlet temperature, the amount of electric heat input to 
the system was varied to achieve a syngas outlet temperature of 2,732°F.  Steam was fed at 15% excess1.  
7% of the natural gas and 2% of the coal feed remains unconverted.  Finally, the natural gas feed was 
varied to achieve the syngas H2, CO, CO2 ratio for methanol production: 

�� � ���

�� � ���

� 	
�� 

Heat is recovered from the syngas to preheat the natural gas and steam feeds to 1,112°F.  The syngas 
remains well above the temperature where whisker carbon is formed from the Boudouard reaction; 
however, given the high temperature and pressure this heat exchanger would likely be made of specialty 
materials.  Sulfur is removed from the syngas using the Rectisol process; however, the Selexol process 
could also be used.  Sulfur removal differs from that described in TEV-672 as a pure CO2 stream is not 
produced due to the fact that all CO2 produced in the gasifier is required for methanol production.   

For verification of the process information presented by SRI at the International Pittsburgh Coal 
Conference (IPCC) the SRI gasifier was inserted into the methanol to gasoline (MTG) coal model 
developed by the INL as documented in TEV-667, in order to accurately capture the recycle gas 
composition and flowrate which is fed to the SRI gasifier.  This recycle flow will have a large impact on 
how much natural gas is required by the process.  It was assumed that the amount of light gas generated 
for methanol to jet fuel should be fairly similar to the amount generated in the MTG process.  Both 
processes use methanol as an intermediate; hence the H2/CO ratios required are consistent. 

                                                      
1 15 mol-% excess assuming that all steam reacts with the carbon fed to the reactor. 
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It was determined, based on the higher heating value (HHV), that the SRI presentation assumed the 
same Powder River Basin (PRB) coal type with 28.09% moisture that INL has used in previous Aspen 
Plus models.  Also, based on the HHV presented the natural gas feed is assumed by SRI to be pure 
methane.  The presentation was not specific on how much the PRB coal was dried prior to gasification; 
hence several dryness levels were assessed.  The model looked at no drying, drying to 12% (the most 
likely scenario for a PRB coal), drying to 6%, and drying to 0% moisture.  Based on information from 
Shell, drying a high moisture content coal like PRB to less than 12% may not be technically feasible as a 
portion of the moisture is actually locked into the coal and hence is not released until devolatilization.  

The moisture content of the coal after drying and gas preheat levels had no impact on the required 
natural gas feed, only the amount of electrical heat required for the gasifier.  The model predicted a 
natural gas feed rate of within 2% of the value listed in the presentation, which is extremely close given 
the limited information available to model the process.  However, the model was farther off when 
comparing the electrical heat requirement.   

Assuming less than 1% heat loss in the gasifier and 85% efficiency for heat from electricity requires 
an electrical input of 4,379 MWe, which is 34% higher than the 3,274 MW listed in the presentation, for 
coal dried to 12% moisture and preheated to 220°F, which is considered the most reasonable scenario.  
Looking at various coal preheat and coal drying levels only decreases the electrical input to 4,284 MWe, 
for the assumed heat loss and heat generation efficiency.  If no losses are assumed and 100% conversion 
efficiency from electricity to heat is assumed, the required electrical input decreases to 3,641 MWe for 
12% moisture and 220°F coal preheat, which is still greater than the value listed in the presentation.  Even 
assuming the coal can be dried to 0% moisture, the amount of electricity is almost 9% higher than the 
value listed in the presentation.  For full results, see Table 1. 



  
3

Ta
bl

e 
1.

  S
R

I c
as

e 
co

m
pa

ris
on

.  
 

 

 
 

B
as

el
in

e 
1 

2 
32  

4 
5 

6 
7 

C
oa

l F
ee

d 
R

at
e 

(to
n/

da
y)

 
1,

35
2,

00
0 

1,
35

2,
00

0 
1,

35
2,

00
0 

1,
35

2,
00

0 
1,

35
2,

00
0 

1,
35

2,
00

0 
1,

35
2,

00
0 

1,
35

2,
00

0 
M

oi
st

ur
e 

C
on

te
nt

 A
fte

r D
ry

in
g 

(%
) 

 
28

.0
9 

28
.0

9 
12

 
12

 
6 

6 
0 

D
ry

 C
oa

l F
ee

d 
R

at
e 

(to
n/

da
y)

 
 

1,
35

2,
00

0 
1,

35
2,

00
0 

1,
10

4,
79

9 
1,

10
4,

79
9 

1,
03

4,
28

0 
1,

03
4,

28
0 

97
2,

22
3 

C
oa

l P
re

he
at

 T
em

pe
ra

tu
re

 (°
F)

 
 

 
45

0 
22

0 
45

0 
22

0 
45

0 
45

0 
M

et
ha

ne
 F

ee
d 

R
at

e 
(lb

/h
r)

 
69

0,
73

9 
70

1,
49

1 
70

1,
49

1 
70

1,
49

1 
70

1,
49

1 
70

1,
49

1 
70

1,
49

1 
70

1,
49

1 
%

-E
rr

or
 fr

om
 B

as
el

in
e 

 
1.

6 
1.

6 
1.

6 
1.

6 
1.

6 
1.

6 
1.

6 
G

as
ifi

er
 H

ea
t I

np
ut

 (M
W

t) 
 

3,
82

3 
3,

77
4 

3,
72

2 
3,

68
7 

3,
69

4 
3,

66
2 

3,
64

7 
El

ec
tri

ci
ty

 R
eq

ui
re

d 
– 

85
%

 E
ff

. (
M

W
e)

 
3,

27
4 

4,
49

8 
4,

43
9 

4,
37

9 
4,

33
7 

4,
34

5 
4,

30
8 

4,
28

4 
%

-E
rr

or
 fr

om
 B

as
el

in
e 

 
37

.4
 

35
.6

 
33

.8
 

32
.5

 
32

.7
 

31
.6

 
30

.8
 

El
ec

tri
ci

ty
 R

eq
ui

re
d 

– 
10

0%
 E

ff
. w

/ n
o 

Lo
ss

es
 (M

W
e)

 
 

3,
74

1 
3,

69
2 

3,
64

1 
3,

60
5 

3,
61

2 
4,

21
2 

3,
56

0 
%

-E
rr

or
 fr

om
 B

as
el

in
e 

 
14

.3
 

12
.8

 
11

.2
 

10
.1

 
10

.3
 

9.
4 

8.
7 

 

SY
N

G
A

S 
G

EN
ER

A
TI

O
N

 T
EC

H
N

IC
A

L 
C

O
M

PA
R

IS
O

N
 

Fo
r a

ll 
pr

oc
es

se
s o

nl
y 

sy
ng

as
 p

ro
du

ct
io

n 
an

d 
cl

ea
ni

ng
 a

re
 m

od
el

ed
, t

hi
s a

llo
w

s f
or

 a
 si

m
pl

e 
co

m
pa

ris
on

 o
f s

yn
ga

s g
en

er
at

io
n 

w
ith

ou
t 

co
m

pl
ic

at
in

g 
th

e 
m

od
el

s w
ith

 li
gh

t g
as

 re
cy

cl
es

, w
hi

ch
 w

ill
 b

e 
pr

es
en

t t
o 

a 
va

ry
in

g 
de

gr
ee

 fo
r a

ll 
sy

ng
as

 p
ro

du
ct

io
n 

te
ch

ni
qu

es
.  

A
ll 

m
od

el
s 

in
cl

ud
e 

a 
sy

ng
as

 c
om

pr
es

so
r w

hi
ch

 p
re

ss
ur

iz
es

 th
e 

sy
ng

as
 to

 1
,0

90
 p

si
 in

 p
re

pa
ra

tio
n 

fo
r m

et
ha

no
l p

ro
du

ct
io

n.
 

A
ll 

pr
oc

es
se

s w
er

e 
m

od
el

ed
 to

 p
ro

du
ce

 a
pp

ro
xi

m
at

el
y 

45
0,

00
0 

M
M

B
TU

/h
r o

f s
yn

ga
s f

or
 m

et
ha

no
l p

ro
du

ct
io

n.
  T

he
 fo

llo
w

in
g 

fig
ur

e 
an

d 
ta

bl
e 

su
m

m
ar

iz
e 

th
e 

m
at

er
ia

l a
nd

 e
ne

rg
y 

ba
la

nc
es

 fo
r t

he
 sy

ng
as

 g
en

er
at

io
n 

te
ch

ni
qu

es
 a

na
ly

ze
d.

  T
he

 re
su

lts
 p

re
se

nt
ed

 in
 th

e 
ta

bl
e 

as
su

m
e 

C
O

2 
se

qu
es

tra
tio

n 
w

he
re

 a
pp

lic
ab

le
. 

A
ll 

pr
oc

es
se

s a
re

 te
ch

ni
ca

lly
 fe

as
ib

le
 fo

r s
yn

ga
s g

en
er

at
io

n.
  H

ow
ev

er
, i

nt
eg

ra
tio

n 
of

 H
TS

E 
w

ith
 g

as
ifi

ca
tio

n 
an

d 
th

e 
SR

I g
as

ifi
er

 re
qu

ire
s a

n 
ex

tre
m

el
y 

la
rg

e 
am

ou
nt

 o
f e

le
ct

ric
al

 in
pu

t t
o 

th
e 

sy
st

em
, w

hi
ch

 h
as

 a
 la

rg
e 

im
pa

ct
 o

n 
th

e 
pr

oc
es

s e
co

no
m

ic
s. 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

2  M
os

t l
ik

el
y 

sc
en

ar
io

. 



  
4

 
Fi

gu
re

 1
. S

yn
ga

s g
en

er
at

io
n 

co
m

pa
ris

on
 m

od
el

in
g 

ca
se

 m
at

er
ia

l b
al

an
ce

 su
m

m
ar

y.
 



  
5

Ta
bl

e 
2.

  S
yn

ga
s g

en
er

at
io

n 
co

m
pa

ris
on

 m
od

el
in

g 
ca

se
 st

ud
y 

re
su

lts
.  

 
 

 
 

G
as

ifi
ca

tio
n 

G
as

ifi
ca

tio
n 

w
/ H

T
SE

 &
 

H
T

G
R

s 
SM

R
 

SM
R

 w
/ 

H
T

G
R

s 
G

as
ifi

ca
tio

n 
w

/ S
M

R
 

G
as

ifi
ca

tio
n 

w
/ S

M
R

 a
nd

 
H

T
G

R
s 

SR
I w

/ 
H

T
G

R
s 

In
pu

ts
 

 
 

 
 

 
 

 
 

C
oa

l F
ee

d 
ra

te
 (t

on
/d

ay
) 

26
,0

52
 

12
,0

07
 

N
/A

 
N

/A
 

6,
11

2 
6,

10
8 

5,
87

9 
 

N
at

ur
al

 G
as

 F
ee

d 
R

at
e 

(M
M

SC
FD

)3  
N

/A
 

N
/A

 
51

2 
42

6 
37

8 
27

2 
21

8 
 

%
 C

ar
bo

n 
to

 L
iq

ui
d 

Pr
od

uc
t 

45
.0

 
97

.7
 

83
.0

 
10

0.
0 

70
.9

 
86

.1
 

98
.9

 
 

H
TG

R
 T

he
rm

al
 In

pu
t (

M
W

t) 
N

/A
 

6,
91

6 
N

/A
 

1,
22

4 
N

/A
 

1,
83

0 
4,

90
4 

O
ut

pu
ts

 
 

 
 

 
 

 
 

 
Sy

ng
as

 P
ro

du
ce

d 
(M

M
B

TU
/h

r)
 

45
0,

00
0 

45
0,

00
0 

45
0,

00
0 

45
0,

00
0 

45
0,

00
0 

45
0,

00
0 

45
0,

00
0 

U
til

ity
 S

um
m

ar
y 

 
 

 
 

 
 

 
 

Po
w

er
 C

on
su

m
ed

 (M
W

e)
 

-5
37

 
-2

,6
72

 
-6

5 
-9

4 
-2

12
 

-2
82

 
-2

,1
20

 
 

W
at

er
 C

on
su

m
ed

 (g
pm

)4  
11

,7
84

 
8,

25
3 

6,
11

5 
6,

71
2 

5,
63

9 
5,

67
3 

4,
68

0 
C

O
2 S

um
m

ar
y 

 
 

 
 

 
 

 
 

To
ta

l C
O

2 P
ro

du
ce

d 
(to

n/
da

y)
 

31
,2

22
 

40
9 

5,
34

1 
0 

10
,2

47
 

 
0 

 
 

Em
itt

ed
 

0 
40

9 
5,

34
1 

0 
6,

54
3 

0 
0 

 
 

C
ap

tu
ra

bl
e 

31
,2

22
 

0 
0 

0 
3,

70
4 

3,
70

2 
0 

N
uc

le
ar

 In
te

gr
at

io
n 

Su
m

m
ar

y 
 

 
 

 
 

 
 

 
El

ec
tri

ci
ty

 to
 P

ro
ce

ss
 (M

W
e)

 
N

/A
 

2,
67

2 
N

/A
 

94
 

N
/A

 
28

2 
2,

12
0 

 
H

TG
R

 H
ea

t t
o 

Pr
oc

es
s (

M
W

t) 
N

/A
 

70
1 

N
/A

 
96

1 
N

/A
 

1,
12

2 
N

/A
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

3  S
ta

nd
ar

d 
te

m
pe

ra
tu

re
 o

f 6
0°

F.
 

4  D
oe

s n
ot

 in
cl

ud
e 

w
at

er
 u

sa
ge

 fo
r H

TG
R

 



 

 6

SYNGAS GENERATION ECONOMIC COMPARISON 
The economic viability of the syngas generation processes was assessed using standard economic 

evaluation methods, specifically the internal rate of return (IRR). The economics were evaluated for the 
conventional and nuclear-integrated cases described in the previous sections.  The total capital investment 
(TCI), based on the total equipment costs; annual revenues; and annual manufacturing costs were first 
calculated for the cases.  The present worth was then calculated based on the annual after tax cash flows.  
The price of syngas to achieve a 12% IRR was determined for each case as a function of the natural gas 
purchase price and taxes on carbon emissions.  Table 3 lists the economic assumptions used for the 
analyses.  It was assumed that the SRI gasifier would have a capital cost comparable to the Shell gasifier. 

Table 3. Economic assumptions. 
 Assumption 
Construction Information  
 Preconstruction Period 6 months 
 Nuclear Construction Period – per Reactor 36 months 
 Reactor Startup Staggering 6 months 
 Fossil Construction Period – per Train 36 months 
 Train Startup Staggering 6 months 
 Percent Capital Invested Each Year S-Curve Distribution 
Plant Startup Information  
 Startup Time 12 months 
 Operating Costs Multiplier  1.2 
 Revenue Multiplier 0.65 
Economic Analysis Period 30 years 
Availability 90% 
Inflation Rate 3% 
Debt to Equity Ratio 50%/50% 
Loan Information  
 Interest Rate on Debt 8% 
 Interest on Debt During Construction 8% 
 Loan Repayment Term 15 years 
Tax Information  
 Effective Tax Rate 35.9% 
  State Tax Rate  6% 
  Federal Tax Rate 35% 
MACRS Depreciation Term 15 year life 
IRR 12% 

 

The economic results are presented for each case in Table 4; all results are presented for a 12% IRR.  
Carbon tax results are presented for the average natural gas price only, when applicable.  The SRI results 
without HTGR integration assumed electricity is purchased at the 2010 average industrial price, 
$67.90/MWe-hr.  Results are presented graphically in Figure 2 and Figure 3. 
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Table 4. Syngas generation economic results. 

 

TCI 
Natural Gas Price 

($/MSCFD) 
Syngas Price 
($/MMBTU) 

Carbon Tax 
($/ton) 

Product Price5 
($/MMBTU) 

Gasification 
w/o Sequestration 

$4,428,831,665 
N/A 9.80 50 13.48 

 100 17.16 
 150 20.83 
 200 24.51 

Gasification 
w/ Sequestration 

$4,503,718,539 
N/A 11.44 50 11.44 

 100 11.44 
 150 11.44 
 200 11.44 

HTGR 
Gasification 

$15,612,464,986 
N/A 22.06 50 22.11 

 100 22.16 
 150 22.20 
 200 22.25 

SMR 

$1,215,799,451 
4.50 7.42 50 9.27 
5.50 8.64 100 9.89 

12.00 16.55 150 10.52 
 200 11.15 

HTGR 
SMR 

$3,738,413,363 
4.50 9.19 50 10.21 
5.50 10.21 100 10.21 

12.00 16.79 150 10.21 
 200 10.21 

Gasification SMR 
w/o Sequestration 

$2,186,295,120 
4.50 8.33 50 10.44 
5.50 9.23 100 11.65 

12.00 15.09 150 12.86 
 200 14.06 

Gasification SMR  
w/ Sequestration 

$2,199,738,276 
4.50 8.54 50 10.21 
5.50 9.44 100 10.98 

12.00 15.30 150 11.75 
 200 12.52 

 
 
  

                                                      
5 Product price for the carbon tax calculated at the average natural gas price, when applicable. 
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Table 4. Syngas generation economic results. 

HTGR Gasification 
SMR w/o 

Sequestration 

$5,816,734,002 
4.50 10.59 50 11.67 
5.50 11.24 100 12.11 

12.00 15.45 150 12.54 
 200 12.98 

HTGR Gasification 
SMR  

w/ Sequestration 

$5,879,403,543 
4.50 10.80 50 11.45 
5.50 11.45 100 11.45 

12.00 15.66 150 11.45 
 200 11.45 

SRI 

$1,711,918,230 
4.50 13.30 50 13.82 
5.50 13.82 100 13.82 

12.00 17.18 150 13.82 
 200 13.82 

HTGR SRI 

$10,078,695,338 
4.50 15.99 50 16.51 
5.50 16.51 100 16.51 

12.00 19.87 150 16.51 
 200 16.51 

 

 
Figure 2. Carbon tax results, baseline cases. 
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Figure 3. Carbon tax results, HTGR-integrated cases. 

When compared to the other methods of syngas generation, it is apparent that the SRI process is less 
economically competitive.  The baseline SRI process, which purchases power from the grid, requires a 
higher syngas selling price than all cases for all carbon taxes, excluding the gasification case without CO2 
sequestration, to achieve a 12% IRR.  When the HTGR is integrated with the process, the SRI process 
requires a higher syngas selling price to achieve a 12% IRR than all cases for all carbon taxes, excluding 
the HTGR-integrated gasification case, which coincidentally requires even a larger electrical input than 
the SRI process. 

REFERENCES 
 

INL, 2011, HTGR-Integrated Coal and Gas to Liquids Production Analysis, TEV-672, September 2011. 

INL, 2010, Nuclear-Integrated Methanol-to-Gasoline Production Analysis, TEV-667, May 2010. 

Malhotra, Ripudaman, 2011, “Coal Gasification with Methane Reforming:  A Novel Environmentally 
Benign CTL Process,” 2011 International Pittsburgh Coal Conference, Pittsburgh, PA, October 
2011. 

7

9

11

13

15

17

19

21

23

25

0 50 100 150 200

Sy
ng

as
 P

ri
ce

 ($
/M

M
B

T
U

)

CO2 Tax ($/ton)

HTGR Gasification HTGR SMR
HTGR Gasification SMR w/o Seq HTGR Gasification SMR w/ Seq
HTGR SRI


